Introduction
The development and political problems arising from the choice of different economic and social investments in a Metropolitan area are not only complicated by different and often opposing interests (usually large and entangled ones), but also by the presence of technical difficulties.
Generally, in most countries the policy objective is to overcome shortages of labor in skilled occupations.
As well, in the last two decades, the need for more specific analysis of employment and manpower problems in developing countries, particularly with regard to local markets, has greatly increased. The fact is that the best possible performance of any planning depends upon a large number of decisions. Obviously, the performance may be that of motor car, a business, a chemical process or a machine. In terms of planning and economy, the question is how to choose the "best" set of decisions in order to achieve a particular objective.
However, we focus on the structure of the manpower and the changes in mobility patterns in the Cairo Metropolitan area. In addition to the results obtained from applying the Optimal Control Systems (OCS), the issue of education, training and manpower policy and their effects (direct & indirect) on the situation of Cairo are taken into consideration.
In short, this paper deals with the use of Optimal Control Systems (OCS) in order to achieve optimal distribution of manpower in the Cairo Metropolitan area for the various skill levels and over different time periods. The OCS enable us to quantify and predict the effects of any decision in order to find the "best" one. Also, the inputs and outputs are measured continuously in a given time period.
Objective of the Study
On the whole, this paper has three main goals:
(1) To deduce the alternatives of manpower distribution in Cairo with respect to the changes of mobility that could help the decision maker.
(2) To find out the effect of control factors on the mobility changes.
(3) To deduce the objective function which could minimize the cost of welfare.
It should be noted that in this paper we use and link several economic and statistical methods in order to operate the Model (OCS) Life Cycle which enables us to achieve the above goals. 3 . Manpower and Mobility
Principles of Manpower in Cairo
We assume that the manpower policy should contribute to national economic stability and growth in order to promote the full development of human resources.
Consequently , the manpower policy embraces the forecasts and assessments of the demands and supplies for skills, specialization, jobs and so forth.
Therefore, the main three stages of development are as follows:
1) High Development Level
In this stage, the private sector and individual investments play a big role in develop ment. Moreover, the individual workers seek socio-psychological satisfaction from their work places, work atmosphere and environment.
2) Intermediate Development Level
In this stage, public and union intervention has an important role, for instance, in coordination of corporate growth, manpower mobility and income distribution among different sectors of economy.
3) Low Development Level
In this level, the government should provide all the people's needs. Also, in this stage the role of individual investments and private sectors are neglected. In other words, the development is oriented basically towards the communist ideology.
Manpower Planning
Manpower planning is concerned with arranging for the right number of individuals within a group to be allocated to various well-defined activities. In brief, manpower planning in the narrow sense is concerned with matching the supply of people with the jobs available.
In other words, it deals with numbers of people to be transferred, promoted and demoted.
Otherwhile, the utilization of the different kinds of manpower practices (i.e. recruit ment and selection, training performance appraisal and promotion, etc .) depends on an interplay of external and internal factors such as impact of public labor policy , educational systems, regional traditions and customs, regional politics, level of technology, business and private sectors, management systems and so forth.
In regards to unemployment, it is difficult to determine exact numbers because a large portion of the population depends upon informal jobs (figure 1). But according to the census report of Egypt, the unemployment ratio between 1960-1976 was between 3.8% -6.2% for males and 9.4%-20.6% for females.
On the other hand, as a consequence of the present rapid economic growth and the Sector Figure 1 The structure of employment in Greater Cairo, 1976 change of social norms, the participation of women in the economy will increase.
Mobility
People usually tend to stay longer in a given job when there are adverse economic conditions. Political conditions also affect the natural mobility of the labor force. Hence, an improvement in the economic situation will be reflected in a greater mobility of the work force.
Otherwise, job opportunities expand as aggregate production expands. Hence, the net expansion of job opportunities depends upon the system, speed and style of output expan sion. So, the question is does a person prefers [B] 
In other words, the above equations can be compactly repressnted as follows:
The Distribution of Manpower in Cairo Based on Optimal Control Systems 91 (7) where Z(t+1) is the prediction value at time (t), Z(t) is the initial value, A is the promotion matrix, B is the demotion matrix and U(t) is the control variable (policy) at time(t).
Identification of the Potentials and Skill Level

Potential Supply of Manpower
The supply of labor is determined by the rate of population growth and the growth of existing employment opportunities in areas where demand exceeds the available local supply.
In any case, the pattern of labor supply and productivity depends on the nature of the production system, the physical qualities of the land, and capital resources. In general, labor and land are the principle inputs to Egypt's economy. The potential supply of labor is the population who are between the age of 10 and 60 years, economically active and currently available for the production and distribution of economic goals and services. The following formula is used to calculate potential supply of labor force:
where LS(t) is the total potential supply of labor force at time (t), LP(t) is the total population, E(t) is the population under the age of 10 years, S(t) is the population in the military services, V(t) is the population over the age of 60 years and D(t) is the number of people who "drop out" from the non-labor variables and newly enter work force. The definition of effective labor force is the potential labor force who are able and willing to work. The term does not cover those who are able to work and are neither willing nor seeking a job, (e.g. students and children). Figure 4 shows the evaluation of labor force by types of economic activity. This figure shows that services and industry form the economic structure in Cairo.
Manpower by Skill Level
The need for vocational education and training programs, and the urgency to develop more of such programs in the near future, arise from the fact that in Cairo, there is an increasing demand for specific skills in the labor market (due to the concentration of the main economic facilities in Cairo).
For the purpose of constructing a model let us consider Cairo's labor force, including new entrants to the labor pool, to be classified into four main "education skill" classes.
The given number of workers in the four classes in 1986 (base year) are as follows:
( high percentage of migration from the rural areas to Cairo, the social norms and behaviors and drop out from training centers and schools). Figure 5 shows the linkages and relationships between education, training and the labor market. Also, this figure explains why we used the education status as a standard of skill level. Especially in the case of Egypt, education is considered to be the most important factor affecting women's participation in the labor force.
Our target is to define the desired level of manpower requirements for each class. There are two reasons for selecting the target of manpower.
The first is to follow the annual growth rate of the "Five Year Plan", but in our case, we aim to decrease the numbers in class three and class four by improving their skill levels. The second reason is to meet the estimation of potential supply of manpower. But in our case, in the first period of planning (1987-1991) the first, second and third classes will be equal or less than the potential supply. For the second period (1992) (1993) (1994) (1995) (1996) only the target of the second class will equal the potential because during this period the policy maker should make more effort to decrease the numbers in the third and fourth classes. For the last period of planning (1997) (1998) (1999) (2000) (2001) ) the numbers in the first and second classes will equal the potential supply (because the development will be oriented towards high development level), while the third and fourth classes should continue to decrease (Table 1) . Mathematically speaking, we have to ensure that ƒ°ni= Hi(t)_??_LS(t)
Then
where Hi(t) is the workers in class i in time (t), LS(t) is the total potential supply of labor force in time (t) and n is total number of classes.
Optimal Control Systems (OCS)
Optimal Control Systems
Optimal control theory concerns the choice of a set of control factors to maximize or minimize a given objective function. However, the main objective of an optimal control Figure 6 The schema of the System Life Cycle system is to reach "zonal balancing". On the whole, the system may be characterized by three elements: input, output, and the transition linking them. (Bennett R. J, and Chorley R. J., 1978)
The system is designed to operate on the input so as to yield the required output. The system also contains control variables that influence the stage of the simulation model.
However, the idea of applying Optimal Control Systems to manpower planning is that the outcome is calculated by a mathematical model of the time path of input variables (some of which are subject to control as policy instruments). It should be noted that control systems do not mean that all the variables are going to be controlled. Figure 6 shows the schema of the system life cycle.
Control Variables
The controls are the variables which enable us to perform the required task by modifying the behavior of the outputs. The evolution of the controls in time are called policies or control trajectories and the time period of interest is called the horizon (it can be bounded or infinite).
The control variables which are used in the OCS are as follows:
(1) Self-finance of the social services sector.
(2) Investments in the social services by the public sector.
(3) Investments in the social services by the private sector. (4) Net saving factor. In our case, the term "social services" includes housing, public utilities and health services. The term "public sector" includes cooperatives and municipalities. The term "private sector" includes foreign companies , individual and private enterprises. The term "self -finance" implies reserves and allocation , down payments and letters of credit and other capital returns.
Symbolically,
where NSF is the net saving factor, LN is the total Income, DC is the aggregate domestic consumption (foods, housing, health) and EX is the local taxes. However, with these considerations in mind, a question may be raised about what things can be realistically achieved by the private sector? As we mentioned before, the investments and development by the private sector represent the high level of development. Figure 7 shows the history of control factors in Cairo. This figure shows that the net saving factor represents the highest percentage, but unfortunately, this money is not oriented to development. Perhaps this money is used for buying gold or is kept at home or for another matters.
This situation emphasizes to us the need to consider the first and third control factors as the most important tools for high development level.
But we have to ensure that allocation of government spending on these control factors does not exceed a given amount (the budget allocated for economic programs). It can be represented as follows:
where Y(k) is the initial values, ƒÂY(k) is the correction adopted in the Gauss-Seidel method, K is the number of iteration and Y(k) should be determined by Over-Relaxation, as
However, the formula, As a result, the value of the variable D(t) is 25,048 in 1987 and 54,000 in the year 2001 . This number represents an additional potential supply of manpower . In addition, these numbers represent effective workers (due to the intensive training in the military services) .
t=1{aC1(t)[(Y(t)-a(t)] +ƒÀC2(t)[(LS(t)-a(t)]+ƒÉC3(t)U(t)} (29)
On the other hand, the analysis has shown that 22.6 percent of the total potential supply is under 15 years of age, 16.3 percent under age 30 and 48.2 percent is between 30 and 60 years of age (this represents the actual effective labor force). On the whole, the outputs of applying the equation [8] are shown in table 2, while figure  8 shows the percentage of potential supply per class from 1987 till 2001. Table 3 shows our target of manpower in Cairo per class from 1987 till 2001. These targets are selected according to the estimation of potential supply (Table 1 ) and also consideration of the Egyptian Five Year Plan. Figure 9 shows the percentage of target per class from 1987 till 2001. [1987] [1988] [1989] [1990] [1991] For the second period of planning (1992) (1993) (1994) (1995) (1996) For the third period of planning (1997) (1998) (1999) (2000) (2001) Figure 10 The effect of control factors on the upward mobility. Figure 10 shows the effects on the upward mobility when the first and third control factors increase by 10% and the other control factors remain constant . This simulation corresponds to the transitional mobility matrix (matrix 1). Figure 12 shows the manpower targets achieved by this option. It shows that classes three and four have a rapid increase which could not meet the desired targets. Figure 13 shows the second option of changes of manpower in Cairo from 1987 till 2001 corresponding to matrix 2. Figure 14 shows the target achieved with respect to this option. Figure 15 shows the third option of the changes of manpower. Also, matrix 3 shows the reaction of the promotion and demotion which is associated with this option. Figure 16 shows that class three has exceeded the target and has continued to increase.
This situation has a negative impact on the whole process of development. The third option is very close to the current Egyptian growth, which focuses on increasing all the classes without taking into consideration the real demand of the labor market in Cairo (the situation in Cairo is different from other parts of Egypt).
At the present and for the long term, the labor market in Cairo geared towards a high skill level and high quality of workers' careers (due to the investments of many foreign companies which apply high technology in their process of development). In our point of view, this option can be considered as the second choice for the policy maker. Figure 21 indicates the number whose skill is improved per L. E. one million of invest ment (concerning the investments by the private sector). Figure 22 indicates the number whose skill is improved per L. E. one million of invest ment (concerning the investments by the public sector).
Conclusion
In this paper, we present a model to determine the effects of government policy on the mobility changes and in turn on the distribution of the manpower over four labor-skill categories.
Also, we investigate the effect of increasing one control factor on the mobility changes, when the other control factors remain constant.
By (1) Class 1=210. 7 (units in L. E. Mn.) (2) Class 2=597. 7 (units in L. E. Mn.) (3) Class 3=195. 6 (units in L. E. Mn.) (4) Class 4=750. 5 (units in L. E. Mn.) There is an increase in the number of workers in the first and second classes affected by the first and third control factors. Moreover, there is a decrease in the number of workers in the third and forth classes. Also, an improvement in training and educational techniques is shown to be highly influential towards decreasing numbers in the third and fourth classes by the year 2001.
Concerning manpower policy and programs in Cairo, in our point of view, the govern ment should adopt new programs for improving technology, increasing the skill level and improving attitudes towards mobility especially in the lower classes. Here, we could call this kind of program "Effective Manpower Program for Rehabilitation and Training" (EMPRT).
